Abstract. Few genetic studies of renal carcinoid tumor have been conducted thus far. We performed immunohistochemical and genetic examinations on four renal carcinoid tumors. Histologically, the tumors consisted of neoplastic cells with round to oval nuclei. Various growth patterns such as tightly packed cords and trabeculae, ribbon-like, trabecular, sheet-like or solid growth were observed. nuclear chromatin showed a coarse and granular pattern. Immunohistochemically, tumors were positive for chromogranin A and synaptophysin. In the fluorescence in situ hybridization study, three of four tumors revealed monosomy of chromosome 3 (D3Z1), but one tumor showed monosomy of chromosome 13 (D13s319/13q34). Using PCR amplification and fragment analysis of three microsatellite markers (D3s1300, D3s666 and D3s1768) of chromosome arm 3p, one tumor showed loss of heterozygosity at D3s1300 and D3s1768, one tumor was not informative and the analysis of two tumors failed due to low DnA quality. In three cases, the VHL gene status was tested. two tumors showed wild-type, but the analysis of one tumor failed to provide adequate results. In conclusion, we suggest that the abnormality of chromosome 3 is involved in the pathogenesis of renal carcinoid tumor.
Introduction
Primary renal carcinoid tumor arising from renal parenchyma or renal pelvis is a rare neoplasm, and approximately 80 cases with such a tumor have been reported thus far (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . However, few studies report on the genetic characteristics of primary renal carcinoid tumor. Previously, a case of primary renal carcinoid tumor sharing common molecular abnormality with clear cell renal cell carcinoma (rcc) was reported (5) . Additionally, the numerical and structural abnormality of chromosome 13 was described in primary renal carcinoid tumor associated with horseshoe kidney (6) . this study investigated the status of chromosomes 3 and 13 in four primary renal carcinoid tumors using fluorescence in situ hybridization (FIsH), loss of heterozygosity (loH) of 3p and VHL gene analysis and discussed the pathogenesis.
Materials and methods
Archive materials. Among pathology files exceeding 14,000 renal tumors originating from Kochi red cross Hospital, Japan; Mexico Medical center, Mexico; charles University Hospital Plzen, czech republic and Kansai Medical University Hirakata Hospital, Japan, four cases with renal carcinoid tumor arising from the renal pelvis (case 1, tables I and II) or renal parenchyma (cases 2-4, tables I and II) were selected for the present study. Patient age ranged from 32 to 55 years, and the gender ratio of male to female was 1:3. one patient was previously described (12) .
Histological examination and immunohistochemistry. renal tumor tissues obtained from nephrectomy were fixed in 10% formalin and embedded in paraffin. Sections (3-µm thick) were stained with H&e. Additionally, immunohistochemical staining was performed using a Histofine Simple Stain-PO (Multi) kit (nichirei, tokyo, Japan). Antibodies against chromogranin A (polyclonal; Dakocytomation, glostrup, Denmark), synaptophysin (polyclonal; Dakocytomation) and cD56 (n-cAM) (123c3, 1:40; Zymed laboratories, san Francisco, cA, UsA) were employed in the present study. specimens of normal pancreas were used as positive controls of the above described antibodies. Analyses of 3p LOH and VHL gene mutation. these analyses were performed in the Department of Pathology, charles University Hospital Plzen, czech republic. several sections (10-µm thick) were cut from each formalin-fixed, paraffin-embedded block. The tumorous component was microdissected. DnA was extracted by the nucleospin tissue Kit (Macherey nagel, Duren, germany) according to the manufacturer's protocol. Polymerase chain reaction (Pcr) for loH analysis of chromosome 3p was performed. short tandem repeat markers and primers were as follows: D3s1300 F, AgctcAcAttctAgtcAgcct and r, gccAAttcccc AgAtg; D3s666 F, cAAggcAttAAAgtggccAcgc and r, gtttgAAccAgtttcctActgAg; D3s1768 F, ggt tgctgccAAAgAttAgA and r, cActgcAtttgctgt tggA. normal tissues of the same patients were used as a reference. Reaction conditions were as follows: 12.5 µl of Hotstart taq Pcr Master Mix (Qiagen, Hilden, germany), 10 pmol of each primer, 100 ng of template DnA, and distilled water up to 25 µl. The amplification program for the fragments consisted of denaturation at 95˚C for 15 min, followed by 40 cycles of denaturation at 95˚C for 1 min, annealing at 55˚C for 1 min, and extension at 72˚C for 1 min. The program was completed by incubation at 72˚C for 7 min. The annealing temperature for fragment D3S666 was 58˚C. Additionally, analysis of three coding exons and exon-intron junctions of the VHL gene was performed by Pcr and direct sequencing according to the previously described method (13) .
Results
Microscopic findings. the tumors consisted of neoplastic cells with round to oval nuclei. Various growth patterns such as tightly packed cords and trabeculae, ribbon-like, trabecular (Fig. 1A) , sheet-like or solid growth were observed. the cell border was generally indistinct. nuclear chromatin exhibited a coarse and granular pattern (Fig. 1B) and one tumor failed due to low DnA quality. In one case, VHL gene analysis was not performed (Fig. 3) .
Discussion
Primary renal carcinoid tumor is a rare neoplasm, and approximately 80 cases with such a tumor have been previously reported. this tumor frequently occurs in patients <50 years of age, affects male and female patients with equal frequency and does not appear to present with carcinoid syndrome (11) . It is well known that primary renal carcinoid tumor is associated with other renal diseases including horseshoe kidney (17.8%), teratoma (14.3%) or polycystic kidney disease (1.8%) (6-10). However, no tumors in the present study were associated with any other renal diseases. Poor patient prognostic factors include an age >40 years, tumor size >4 cm, a purely solid tumor on the cut surface, a mitotic rate >1/10 high power fields, metastases at initial diagnosis and tumors extending into the extrarenal tissue (9) . Patients with this tumor often present with regional lymph node metastases which may progress to distant organ metastases, but usually pursue a prolonged clinical course despite widely metastastic disease DnA, using microsatellite markers D3s1300 and D3s1768. (11) . Accordingly, it is very important for surgical pathologists to accurately recognize and diagnose renal carcinoid tumors due to their peculiar clinical behavior. genetic studies of renal carcinoid tumor are currently limited (5, 6) . In the present study, three of four tumors (75%) demonstrated monosomy of chromosome 3 by FISH analysis. therefore, we suggest that the numerical loss of chromosome 3 plays a crucial role in the pathogenesis of primary renal carcinoid tumor. Previous cytogenetic studies of carcinoid tumor of the respiratory area failed to show any abnormalities of chromosome 3 (14, 15) . therefore, it is possible that renal carcinoid tumor is genetically different from respiratory carcinoid tumor. on the other hand, primary renal carcinoid tumor showing the abnormality of chromosome 3, characteristic of clear cell rcc, was previously reported (5). In pulmonary carcinoid tumor, Hurr et al (16) failed to detect any 3p deletion, and some investigators detected allelic loss at a limited loci of small number (17, 18) . From the results of the present study, we can infer that loH of chromosome 3p is involved in the pathogenesis of certain cases of renal carcinoid tumors. A large scale study is necessary to clarify the frequency and significance of 3p LOH in renal carcinoid tumor. However, it is unlikely that the VHL gene is associated with the pathogenesis of renal carcinoid tumor. this suggests that renal carcinoid tumors do not differentiate from clear cell rcc or that both tumors do not originate from common stem cells. Additionally, only one of the four tumors (25%) showed monosomy of chromosome 13 by FIsH analysis. the abnormality of chromosome 13 by g-band karyotype has been reported in gastric carcinoid tumor (19) . Although Van den Berg et al (6) detected the numerical and structural abnormality of chromosome 13 by a g-band karyotype, a numerical abnormality of chromosome 13 in renal carcinoid tumor appears to occasionally occur on the basis of our results. The rate (25%) of abnormality of chromosome 13 in renal carcinoid tumor using FIsH analysis appears to be comparable with the rate (17%) of abnormality of chromosome 13 in carcinoid tumor of various anatomic sites using genome-wide single nucleotide polymorphism analysis (20) .
In conclusion, the abnormality of chromosome 3 may be involved in the pathogenesis of some cases of renal carcinoid tumor.
